Four types of quasi-isotropic CFRP laminates were tested in this study. Then the fracture behaviours, for example fracture modes and failure processes were observed by microscope and scanning electron microscope after tensile test. As the result, the differences of fracture behaviours between two kinds of reinforcing fibers composites are indicated.
INTRODUCTION
It is known that quasi-isotropic CFRP laminates have various fracture modes due to interlaminar normal stress and interlaminar shear stress caused by anisotropic at the free edge of specimen. Then as a basis for fracture behaviour of quasi-isotropic laminate, crossply or angle-ply laminates were investigatedl)-3). In actual structure, the quasi-isotropic laminates were generally used, however there are few research that totally treated fracture behaviour of quasi-isotropic laminates. In this study, tensile test were conducted on four types quasi-isotropic CFRP, fracture modes, tensile properties and their variation were investigated.
EXPERIMENTAL PROCEDURE
Two types of PAN based-carbon fiber, "Torayca" 1'300 and T800 were used and two types of epoxy resin systems, #3601 and #3631 formulated by Toray Ind., Inc. were used. Four types of CFRP were used in this experiment combined the fibers and the resins, respectively. The laminates were [oo/±45°/900]s quasi-isotropic. Specimen geometry is shown in Figure 1 . The tensile test were conducted by Instron universal testing machine at room temperature in accordance with ASTM D3039. 
EXPERIMENTAL RESULTS
Mechanical properties of CFRP obtained by tensile test are tabulated in Table 1 . The tensile properties of T800 composite is more superior than that of T300 composite. In the same fiber, tensile properties of #3631 composite is higher than that of #3601 composite except elastic modulus. In the coefficient of variation #3631 composite is smaller than #3601 composite. Especially, the coefficient of variation of elastic modulus is as small as that of metal materials. 
FRACTURE BEHAVIOUR
Typical fracture modes of T300 and T800 composites are shown in Figure 2 . As can be seen, TIOO composite indicated brittle failure straight and normal to longitudinal direction, which was seemed to be influenced on 90°ply. Whereas the failure of ±45°plies could be observed in T800 composite.
Figure 2 Typical
Fracture modes of T300 and T800 composites. Figure 3 shows typical fracture behaviours of TIOO and T800 composites. These fractures were delaminations at the free edge, and were observed from side of specimen. The delamination of T300 composite occurred in 90°ply. This delamination is called intralaminar delamination here after. Whereas the delamination of T800 composite was the interlaminar delamination, occurred at 90°/-45°and ±45°interlaminae.
Figure 3 Edge delaminations of T300 and T800 composites.
The fracture processes of the inter-and the intra-laminar delaminations were observed in detail. In both T300 and T800 composites, the first failure was transverse crack at 90°ply. The following failure in T300 composite was intralaminar crack in 90°ply and the crack became the delamination after its propagation. Whereas the second failure in T800 composite was propagation of the transverse crack to -45°plies and ±45 interlamina. The third failure in T800 composite occurred at the 90°/-45°and the ±45°interlaminar delaminations.
The differences of the fracture behaviours between T300 and T800 composites could be explained by the above results. That is, in the case of T300 composite the intralaminar delamination occurred. In order that 90°ply after the delamination remained adhering to45°plies, the final failure occurred due to this 90°ply. Whereas in the case of T800 composite the fracture mode as shown in Figure 2 was dominated by ±45°plies due to occurrence of the ±45°interlaminar delamination. Figure 4 shows the delamination surface nearby the free edge. Matrix failure occurred in TIOO composite and fiber/resin interfacial failure was observed in T800 composite. As can be seen, the interfacial adhesive strength of TIOO composite was higher than that of T800
composite. The important difference of fracture behaviours between T300 and T800 composite was influenced interfacial adhesive strength.
Figure 4 Delamination surfaces of T300 and T800 composites.
CONCLUSION
The differences between T300 and T800 composites were observed in tensile properties, fracture modes, failure process and especially edge delamination.
"The intralaminar delamination" occurred at 90°ply in TIOO composite. Whereas in T800 composite, the interlaminar delaminations occurred at 90°/-45°and ±45°interlaminae. The interfacial adhesive strength was considered as the principal cause of difference of the delamination between TIOO and T800 composites.
